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Introduction 

Mantle convection is the 
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convection. 

In this note, I summarize the current paradigms, then state 
fa^Swy’btodS^' Ae^i^htah I have bSn most heavily involved. 


State of Current Knowledge 


Empirical 
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subducting slab is shallow and where rapid convergence is occurring (e.g., Uy 
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Kanamori, 1979). km^re^ a ^^cubr assodation of geoid highs 

-an be seen in Figure 1. 

Long-wavelength geoid highs ate also mjdjel 

isscs^sr 3 ® 5 ^^' 

(Hager et al, 1985; Hager and Clayton, 1988). 

ceases (e.g., Vassiliou et al, 1984). 

Observations 

Several more specie obsemtas SO 

SSS^fifsa-i 

is, at least locally, very sharp (e.g., Boclc and Ha, 1984). 

Sg» ^w f r T V often with a 
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remains of the Farallon Plate (Grand, 1987). 

sssssssia- 

and Barazangi, 1977). This subhorizontal subducuon has been proposed for North 
America during the Laramide orogeny (e.g.. Bird, 1*88) 

The state of stress in subduction zones is intimately related to the d y na ^j c F?c esses 

compression updip of the events ana tensio p. 9gg Q^^nsgn and 

^p^^^^ated^th^t^^evenK^amlOO barsor less, this 
^ange^n^sigifc^ihe'apparenfstmKstate is suggesdve of a low overall sness level. 
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Local 


_ J tomographic studies of the * 

curtain of high velrcity material ® x }f n ^ g fa ^ t (Figure 2, after Humphreys et al. 

Ranges in the Big Bend future, and hence it is not 

1984). While there are no dee Convective downwelUng of the cold, dense 

typical subducuon, it has been .w convection cell have been 

&'S5£2ri“SS!=C. ) » 


Models 


Many of these observations have been of fSmechanical models 

models. The geoid observations tan tea „ dynamica n y 

that include the effects on toe geoid of th The geoid can be explained by two 

maintained topography (Richards andHagw, 9). |- h ^ 19 gg) P The first 

dynamically maintained topography on the 670 km discontinuity. 

Fluid tnecharucal models of subduction zones b^i m 

»Zr 1988) y s"h SSfs U Sso E consistlnt withthe state of stress in subducted slabs 
^ Sed ^Slckening of slabs a, the base of the upper mantle. 

(Dmowska and Rice, 1988). 

Key Questions 

There are anutnberof important 

of the most general is the rela H^^l u P. • fces ^ transmitted over great distances 
the dynamics of the process What dnvrng \ taxes i are ^ism^w ,* mcy7 Related 

through the strong plates and S^Sly b subdiction zones - 

issues are the stress level and a °? ou ^ t ® ^ C ventuaUy balanced by dissipative 

^Stog’foSMhe 5£ of tHs dissipation is a crucial question (e.g. Christensen, 
1985). 

A related question is the wtnAl 

this mainly the result ofsmpie dermal p . of su bducting slabs is important 

£Sfi£SjS Sg fSSTas E well P asde,enSning whetiter tite slabpenetia.es the 
670 km discontinuity. 

Determining the fate of subducting material at .^^^jh^^^^depkted lithosphere or 
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for TOOO km beneath an overriding plate? Once back arc spreading is ini aed, 
back arc spreading center shut off? 

The variation of the dip of subducted slabs from place to place has not yet been explained in 

° f ^ ^ 

back arc spreading related? 

While the emnirical association of maximum earthquake size with convergence velocity and 
“e l^Stive aTpS, it is generally recognized that earthquake sree » conned by 
the distnbution of asperities on the fault plane (e.g., Kanamon, 1986). How do the 
empirical variables relate to the physical state of the fault plane. 

On n local scale the process of small scale convection such as is seen tomographically 

a number of questions. How are these mantle mouons 

linked to deformation in the upper crust? How is the convective timescale linked to the 
tiSe^ale associated with earthSTakes? What is the distribution 
does the lithosphere go unstable in some places, but not elsewhere. The latter questio 
closely related to the process of creating stable cratomc nuclei. 

The premier question associated with subduction zones is what causes the imtiationof a 
new subduction zone? How is the strong, cold lithosphere initially fractured tofonna 
weak plate boundary? The subduction process is extremely important in regulating the 
thermal balance of Earth; understanding the initiation of subduction is crucial in 
understanding the dynamic evolution of our planet 

New Observations, Experiments, and Models 

Understanding the process of subduction will require activities in a number of areas 
spanning a range of geosciences. Given the limited resolution of most techniques, these 
activities will be most productive if they are carnal out insucha way as toanswer speci 
questions and test specific, relevant hypotheses. Suggested activities are grouped by 
discipline, roughly in order of priority within each group. 

Seismology 

The fate of subducted slabs when they reach the 670 km discontinuity is a first ° r ^ r , , ?n 

Question that cS. be addressed by seismologists. The topography and shyness of the 670 
km discontinuity are two features that can discriminate between mantle- wide and chemically 
stratified convection scenarios. Imaging of the 670 km discontinuity in the vicinity of 
subducted slabs is of highest priority. 

Determination of the seismic velocity structure in the vicinity of slabs by tomographic 
means is also a high priority. Determining the shape of subducting slabs places strong 
SSSSS on Models. Investigation of locations in the deep mantie ^beneath fossil 

subduction zones are important to increase the temporal coverage of the subduction 
process. 
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crtK^ed beneath southern California, as well as the processes of cratontaadon, 

S^dSe mShanical properties of the lithosphero-asthenosphere system. 

Given the importance of the concept of asperities, direct imaging of fault asperities by 

between mantle convection and crustal deformation. 

sssss^ssssss: 

important in driving the system. 

Geodesy 

^S^^SSSSSESESSS 

installed in a few active regions. 

SSSSSSSSSSSr 

important. 

Observations of spatial variations in gravity have 

eeodvnamic models. Gathering of data sets spanning the continent-ocean ttansinons in 
activemSgin areas would be very valuable to increasing our understanding of dynamic 
processes associated with subduction. 

Mineral physics 

seismological observations to discriminate among different models of mantle structure, 
temperature, and composition. 
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slow, creeping convection. 

Numerical Modeling 

Progress in seodynamics requires quantitative testing of hypotheses against obse^ations. 
lyrical modeSg helps to provide the inntition needed to fomulate <° 

tested, as well as providing quantitative predictions to be tested. With increasing 
SmnuuuonM ^available, numerical models will continue to become more reateuc. 
ATtaSt Movement will be the ability to address the effects of three dimensions and 
time dependence^ Advances in computational geophysics will be most rapid if trained 
numerical analysts work closely with geophysicists. 

p rrmV f»rfinn modeling important problems to address include the effects of phase 
SLiTSTariatoiTto S£osMon and riieology on flow. Specifically, the interaction 
of subducted slabs with the 670 km discontinuity must be addressed for awide range of 
models of upper and lower mantle composition. In these models, it will be importan 
conside^ realistic geometries for subduction (i.e., asymmetrical convergence and thrw 

well as the effects of global flow. The models must be sufficiently weU 
^oScn^nmcn, of layers wirh differing ««» jjTta 
JfiSessof stabilization of subcratonic lithosphere is another problem involving vanauons 
in composition and phase. 

The problem of the mechanics of subhorizontal subduction “ 

that requires a fully dynamic treatment. It is important thatthese models be guided by 
observations ofmande structure and rheology discussed above. 

Transmission of stress and strain through viscoelastic effects should be addressed. These 
models should include three dimensional effects, as well as realistic parameterization o 
the rheological variations within the crust and mantle. 

Dynamical models of flow in the back arc region, including djmamic^ly detennmedslab 
dips, should be posed to address the questions of initiation and cessation of back arc 

spreading. 
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Figure Captions 


indicated. Thecontour interval is 20m and geoid lows are shaded. Cylindrical 
equidistant projection. 

Figure lb) The observed geoid, filtered to include spherical harmonic degrees 4-9 to 
emphasize the association with subduction zones. 

Figure lc) A model geoid calculated from a fluid dyntfflmcd mo*l of mande flow driven 
by density contrasts inferred for subducted slabs (Hager, 1984). 


Figure 2) Tomographic reconstruction of the mantle structure beneath • 

variations, with regions faster than 1.5% dotted and regions slower 
hatched. The major feature is a slab-like high velocity anomaly penetrating the 
up^mostmacUe°beneath the Ttansvcrse Ranges (Ate Humphreys et al.). 


Observed Geoid: degree 2-9 




brad •• Thu Oug 25 16*42»12 1088 


Observed Geoid: degree 4-9 
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Dynamic Slab Geoid: degree 4 9 
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